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1.00mg L－1，NO2＋ 3－－Nがそれぞれ0.40mg L－1，








p 0 0.144 0.514
p䋭1 0.765 0.407
p䋭 2 0.050 0.079
p䋭 3 0.040 0.000
p䋭 4 0.000 0.000
f s, 1ᐕ⋡ 0.435 0.270
f s, 2ᐕ⋡ 0.434 0.309




㱍 0.71 0.71 0.71 0.92 0.92 0.92
X 1 456.4 245.4 577.5 24.9 15.0 32.3
X 2 100.7 150.0 䋭5.9 11.4 8.7 0.3
X 3 48.0 72.9 21.9 0.0 5.1 0.5
X 4 46.8 䋭12.6 53.1 0.0 䋭0.2 3.4
X 5                  0.0 a 5614.2 2267.1 257.5 310.8 333.9

























ᴡᎹ᳓ ᷢ᳓㊂ 䋼ᷢ᳓㊂ 2,440 1,220 3.641 䋭72.5 䋭11.7
ૐ᳓㊂ 䌾ૐ᳓㊂ 10,118 6,279 1.065 䋭6.3 33.8
ᐔ᳓㊂ 䌾ᐔ᳓㊂ 21,385 15,752 0.789 25.4 2.6
⼾᳓㊂ 䌾⼾᳓㊂ 50,000 35,693 0.764 28.5 䋭0.4
35ᣣᵹ㊂ 䌾35ᣣᵹ㊂ 121,667 85,834 0.916 6.0 䋭7.0
㜞᳓㊂ 35ᣣᵹ㊂㻡 442,750 282,209 0.744 27.6 0.7
ోᵹ㊂ 21.5 䋭0.0
ጊᨋ᳓A ᷢ᳓㊂ 䋼ᷢ᳓㊂ 357 179 1.841 䋭45.6 䋭12.4
ૐ᳓㊂ 䌾ૐ᳓㊂ 845 601 1.105 䋭8.7 8.0
ᐔ᳓㊂ 䌾ᐔ᳓㊂ 1,550 1,198 0.785 33.4 11.3
⼾᳓㊂ 䌾⼾᳓㊂ 3,100 2,325 1.031 1.6 䋭0.2
35ᣣᵹ㊂ 䌾35ᣣᵹ㊂ 6,200 4,650 1.017 5.9 15.7
















T䋭N 15.147 䋭0.2356 0.330
T䋭P 0.517 䋭0.1958 0.011
Na䋫 11.726 䋭0.0600 7.075
NH4䋫䋭N a 5.495 䋭0.2769 0.191
K䋫 18.068 䋭0.2423 0.510
Mg2䋫 4.087 䋭0.1221 1.343
Ca2䋫 31.792 䋭0.1575 11.279
Cl䋭 9.267 䋭0.0807 3.752
NO2+3䋭䋭N a 9.762 䋭0.3135 0.157
PO43䋭䋭P a 0.630 䋭0.2477















































C  = 15.147 Q 䋭0.2356












ᷢ᳓㊂ 䋼ᷢ᳓㊂ 3,167 1,584 541 271
ૐ᳓㊂ 䌾ૐ᳓㊂ 9,800 6,484 847 694
ᐔ᳓㊂ 䌾ᐔ᳓㊂ 17,179 13,490 1,315 1,081
⼾᳓㊂ 䌾⼾᳓㊂ 39,000 28,090 3,164 2,240
35ᣣᵹ㊂ 䌾35ᣣᵹ㊂ 107,375 73,188 8,250 5,707














T㧙N 䋼ᷢ᳓㊂ 1.004 䋭0.00 0.01 1.112 䋭0.03 䋭0.00
䌾ૐ᳓㊂ 1.215 䋭0.40 0.01 0.998 0.00 0.00
䌾ᐔ᳓㊂ 1.070 䋭0.10 0.01 1.082 䋭0.02 0.00
䌾⼾᳓㊂ 0.994 0.01 0.01 1.007 䋭0.00 0.00
䌾35ᣣᵹ㊂ 0.940 0.07 0.00 1.093 䋭0.02 0.00
35ᣣᵹ㊂㻡 1.308 䋭0.26 0.00 1.113 䋭0.02 䋭0.00
ోᵹ㊂ 䋭0.12 0.00 䋭0.01 0.00
T㧙P 䋼ᷢ᳓㊂ 1.438 䋭0.05 0.00 1.313 䋭0.00 䋭0.00
䌾ૐ᳓㊂ 1.305 䋭0.03 0.00 1.115 䋭0.00 0.00
䌾ᐔ᳓㊂ 1.064 䋭0.00 0.00 1.018 䋭0.00 䋭0.00
䌾⼾᳓㊂ 1.119 䋭0.01 0.00 1.015 䋭0.00 䋭0.00
䌾35ᣣᵹ㊂ 1.260 䋭0.02 0.00 1.120 䋭0.00 䋭0.00
35ᣣᵹ㊂㻡 1.628 䋭0.03 0.00 1.007 0.00 0.00
ోᵹ㊂ 䋭0.02 0.00 䋭0.00 0.00
Na㧗 䋼ᷢ᳓㊂ 0.981 0.14 0.00 0.959 0.21 䋭0.00
䌾ૐ᳓㊂ 1.044 䋭0.30 0.01 1.023 䋭0.13 䋭0.01
䌾ᐔ᳓㊂ 1.018 䋭0.11 0.01 1.009 䋭0.06 䋭0.01
䌾⼾᳓㊂ 0.979 0.14 0.01 1.025 䋭0.13 䋭0.01
䌾35ᣣᵹ㊂ 0.999 0.01 0.00 1.019 䋭0.09 䋭0.00
35ᣣᵹ㊂㻡 1.059 䋭0.33 0.00 0.997 0.01 䋭0.00
ోᵹ㊂ 䋭0.07 0.00 䋭0.07 䋭0.00
NH4䋫䋭N 䋼ᷢ᳓㊂ 0.798 0.14 0.01                     1.000 a
䌾ૐ᳓㊂ 1.954 䋭0.44 0.01 1.004 䋭0.00 䋭0.00
䌾ᐔ᳓㊂ 1.504 䋭0.19 0.01 1.114 䋭0.00 䋭0.00
䌾⼾᳓㊂ 1.275 䋭0.09 0.01 1.312 䋭0.01 䋭0.00
䌾35ᣣᵹ㊂ 0.940 0.01 0.00 0.836 0.00 0.00
35ᣣᵹ㊂㻡 1.968 䋭0.18 0.00 1.106 䋭0.00 0.00
ోᵹ㊂ 䋭0.18 0.00 䋭0.00 0.00
K䋫 䋼ᷢ᳓㊂ 1.115 䋭0.33 0.00 1.014 䋭0.01 0.00
䌾ૐ᳓㊂ 1.153 䋭0.32 0.01 0.974 0.01 0.00
䌾ᐔ᳓㊂ 1.016 䋭0.02 0.01 1.038 䋭0.02 0.00
䌾⼾᳓㊂ 0.968 0.05 0.00 1.053 䋭0.02 0.00
䌾35ᣣᵹ㊂ 0.999 0.00 0.00 1.054 䋭0.02 0.00
35ᣣᵹ㊂㻡 1.294 䋭0.28 0.00 0.963 0.02 0.00
ోᵹ㊂ 䋭0.10 0.00 䋭0.01 0.00
Mg2㧗 䋼ᷢ᳓㊂ 1.031 䋭0.05 0.00 0.966 0.02 䋭0.00
䌾ૐ᳓㊂ 1.074 䋭0.10 0.00 1.038 䋭0.03 䋭0.00
䌾ᐔ᳓㊂ 1.009 䋭0.01 0.00 1.066 䋭0.05 䋭0.00
䌾⼾᳓㊂ 0.992 0.01 0.00 1.020 䋭0.01 䋭0.00
䌾35ᣣᵹ㊂ 1.022 䋭0.02 0.00 1.099 䋭0.06 䋭0.00
35ᣣᵹ㊂㻡 1.104 䋭0.10 0.00 0.983 0.01 䋭0.00








































Ca2㧗 䋼ᷢ᳓㊂ 1.007 䋭0.06 0.01 0.937 0.29 䋭0.00
䌾ૐ᳓㊂ 1.040 䋭0.31 0.01 1.030 䋭0.14 䋭0.01
䌾ᐔ᳓㊂ 1.019 䋭0.12 0.01 1.044 䋭0.19 䋭0.01
䌾⼾᳓㊂ 0.997 0.03 0.01 1.095 䋭0.36 䋭0.00
䌾35ᣣᵹ㊂ 1.043 䋭0.24 0.00 1.087 䋭0.29 䋭0.00
35ᣣᵹ㊂㻡 1.041 䋭0.19 0.00 0.966 0.09 䋭0.00
ోᵹ㊂ 䋭0.14 0.00 䋭0.17 䋭0.00
Cl㧙 䋼ᷢ᳓㊂ 1.046 䋭0.23 0.00 0.995 0.02 䋭0.00
䌾ૐ᳓㊂ 1.034 䋭0.15 0.01 1.003 䋭0.01 䋭0.00
䌾ᐔ᳓㊂ 0.985 0.08 0.01 1.039 䋭0.12 䋭0.00
䌾⼾᳓㊂ 1.008 䋭0.03 0.01 1.031 䋭0.09 䋭0.00
䌾35ᣣᵹ㊂ 1.009 䋭0.03 0.00 0.973 0.08 䋭0.00
35ᣣᵹ㊂㻡 1.049 䋭0.17 0.00 1.004 䋭0.01 䋭0.00
ోᵹ㊂ 䋭0.05 䋭0.00 䋭0.04 䋭0.00
NO2㧗3㧙㧙N 䋼ᷢ᳓㊂ 1.289 䋭0.27 䋭0.00 1.040 䋭0.00 0.00
䌾ૐ᳓㊂ 1.249 䋭0.16 䋭0.00 1.083 䋭0.01 0.00
䌾ᐔ᳓㊂ 1.172 䋭0.09 䋭0.00 1.036 䋭0.00 0.00
䌾⼾᳓㊂ 1.088 䋭0.04 䋭0.00 1.138 䋭0.01 0.00
䌾35ᣣᵹ㊂ 0.998 䋭0.00 䋭0.00 1.246 䋭0.02 0.00
35ᣣᵹ㊂㻡 1.102 䋭0.02 䋭0.00 1.351 䋭0.02 0.00
ోᵹ㊂ 䋭0.08 䋭0.00 䋭0.01 0.00
PO43㧙㧙P a 䋼ᷢ᳓㊂ 1.058 䋭0.00 0.00
䌾ૐ᳓㊂ 1.157 䋭0.01 0.00
䌾ᐔ᳓㊂ 1.065 䋭0.00 0.00
䌾⼾᳓㊂                     1.000 b
䌾35ᣣᵹ㊂                     1.000 b
35ᣣᵹ㊂㻡                     1.000 b
ోᵹ㊂ 䋭0.01 0.00
SO42㧙 䋼ᷢ᳓㊂ 0.973 0.21 0.00 0.974 0.08 䋭0.00
䌾ૐ᳓㊂ 1.022 䋭0.13 0.01 1.045 䋭0.18 䋭0.01
䌾ᐔ᳓㊂ 1.009 䋭0.04 0.01 1.042 䋭0.16 䋭0.01
䌾⼾᳓㊂ 1.023 䋭0.10 0.01 1.035 䋭0.14 䋭0.01
䌾35ᣣᵹ㊂ 1.002 䋭0.01 0.00 1.018 䋭0.07 䋭0.00
35ᣣᵹ㊂㻡 0.985 0.05 0.00 0.985 0.03 䋭0.00





























































































T㧙N 22 33 19 25
T㧙P 34 58 22 23
Na㧗 8 15 5 6
NH4䋫䋭N 45 70 11 6
K䋫 20 31 10 11
Mg2㧗 14 22 11 10
Ca2㧗 13 19 10 11
Cl㧙 9 14 6 7
NO2㧗3㧙㧙N 33 33 27 26
PO43㧙㧙P a 24 27
SO42㧙 10 11 7 7





































































T㧙N 63 32 40 36
T㧙P 48 59 41 51
Na㧗 48 32 41 45
NH4䋫䋭N 129 54 31 5
K䋫 50 15 35 50
Mg2㧗 39 32 43 47
Ca2㧗 45 23 39 52
Cl㧙 38 36 36 35
NO2㧗3㧙㧙N 52 52 44 40
PO43㧙㧙P a 142 88
SO42㧙 46 32 38 39













1ᐕ⋡ 365 36 41 46 4 5
2ᐕ⋡ 365 204 41 46 23 26
3ᐕ⋡ 365 194 41 46 22 24




























1ᐕ⋡ T㧙N 36 41 46 0 22 33 0 63 32 4 5
2ᐕ⋡ 131 41 46 7 22 33 73 63 32 28 24
3ᐕ⋡ 181 41 46 0 22 33 13 63 32 23 24
㩷㩷ᐕᐔဋ 116 41 46 2 22 33 29 63 32 18 17
1ᐕ⋡ T㧙P 36 41 46 0 34 58 0 48 59 4 5
2ᐕ⋡ 131 41 46 7 34 58 73 48 59 25 29
3ᐕ⋡ 181 41 46 0 34 58 13 48 59 22 25
㩷㩷ᐕᐔဋ 116 41 46 2 34 58 29 48 59 17 20
1ᐕ⋡ Na㧗 36 41 46 0 8 15 0 48 32 4 5
2ᐕ⋡ 131 41 46 7 8 15 73 48 32 24 23
3ᐕ⋡ 181 41 46 0 8 15 13 48 32 22 24
㩷㩷ᐕᐔဋ 116 41 46 2 8 15 29 48 32 17 17
1ᐕ⋡ NH4䋫䋭N 36 41 46 0 45 70 0 129 54 4 5
2ᐕ⋡ 131 41 46 7 45 70 73 129 54 41 29
3ᐕ⋡ 181 41 46 0 45 70 13 129 54 25 25
㩷㩷ᐕᐔဋ 116 41 46 2 45 70 29 129 54 23 19
1ᐕ⋡ K䋫 36 41 46 0 20 31 0 50 15 4 5
2ᐕ⋡ 131 41 46 7 20 31 73 50 15 25 20
3ᐕ⋡ 181 41 46 0 20 31 13 50 15 22 23
㩷㩷ᐕᐔဋ 116 41 46 2 20 31 29 50 15 17 16
1ᐕ⋡ Mg2㧗 36 41 46 0 14 22 0 39 32 4 5
2ᐕ⋡ 131 41 46 7 14 22 73 39 32 23 23
3ᐕ⋡ 181 41 46 0 14 22 13 39 32 22 24
㩷㩷ᐕᐔဋ 116 41 46 2 14 22 29 39 32 16 17
1ᐕ⋡ Ca2㧗 36 41 46 0 13 19 0 45 23 4 5
2ᐕ⋡ 131 41 46 7 13 19 73 45 23 24 21
3ᐕ⋡ 181 41 46 0 13 19 13 45 23 22 24
㩷㩷ᐕᐔဋ 116 41 46 2 13 19 29 45 23 17 17
1ᐕ⋡ Cl㧙 36 41 46 0 9 14 0 38 36 4 5
2ᐕ⋡ 131 41 46 7 9 14 73 38 36 22 24
3ᐕ⋡ 181 41 46 0 9 14 13 38 36 22 24
㩷㩷ᐕᐔဋ 116 41 46 2 9 14 29 38 36 16 18
1ᐕ⋡ NO2㧗3㧙㧙N 36 41 46 0 33 33 0 52 52 4 5
2ᐕ⋡ 131 41 46 7 33 33 73 52 52 26 28
3ᐕ⋡ 181 41 46 0 33 33 13 52 52 22 25
㩷㩷ᐕᐔဋ 116 41 46 2 33 33 29 52 52 17 19
1ᐕ⋡ PO43㧙㧙P 36 41 46 0 24 27 0 142 88 4 5
2ᐕ⋡ 131 41 46 7 24 27 73 142 88 44 35
3ᐕ⋡ 181 41 46 0 24 27 13 142 88 25 26
㩷㩷ᐕᐔဋ 116 41 46 2 24 27 29 142 88 24 22
1ᐕ⋡ SO42㧙 36 41 46 0 10 11 0 46 32 4 5
2ᐕ⋡ 131 41 46 7 10 11 73 46 32 24 23
3ᐕ⋡ 181 41 46 0 10 11 13 46 32 22 24
















































































































㱏 = 0.162 Ln Q rcA 䋭 0.714




























LF＝QFCF＝（2.34 ln QrcA－10.3）（0.159 ln QrcA＋





























㱑=䋭0.00349 Ln Q rcA䋫1.12







100 1000 10000 100000
㱑= 0.180 Ln Q rcA䋭0.258
R 2 = 0.65
1 1000 10000 100000
㱑=䋭0.0198 Ln Q rcA䋫1.14
R 2 = 0.32
100 1000 10000 100000
㱑= 0.0267 Ln Q rcA䋫0.917






1.6 㱑=䋭0.0230 Ln Q rcA䋫1.31
R 2 = 0.38
㱑=䋭0.0153 Ln Q rcA䋫0.985
R 2 = 0.32
㱑= 0.159 Ln Q rcA䋫0.364
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㱑=䋭0.118 Ln Q rcA䋫1.96
R 2 = 0.91
T䋭P
㱑=䋭0.00512 Ln Q rcA䋫1.15
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1ᐕ⋡ 20.5 16.9 3.7 586 26.9 19.1 7.8 959
2ᐕ⋡ 18.5 12.3 6.2 996 24.2 15.1 9.1 1,116
3ᐕ⋡ 18.8 12.1 6.8 1,085 24.6 16.7 7.6 938
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In the Shimanto River basin, Shikoku, Japan, agricultural activities are suspected to lead pollution in water
quality of the Shimanto River.  However, causal relationship between the agricultural activities and the water
quality is not evident.  So, we developed a method for evaluating continuous daily discharge and effluent
loads of N, P, and inorganic ions to analyze their effluent characteristics in a watershed (815 ha) located on
the Shimanto River basin.  The results are as follows. 
1) As for discharge and concentration, complement of continuous daily data from discontinuously measured
data such as once at two weeks or from automatically measured ones including failed-observation periods
was revealed to be practicable by a method we designed in the present paper.  “Systematic biases”arising
in the complemented values were corrected by modification factors defined in each of discharge classes. 
2) Relative errors in the complemented values were ±40% for the discharge, from －13% to ＋30% for the
concentration, and ±40% for the effluent load.  Cumulative errors when the complemented values linked
with automatically measured ones were practically ±17% for the discharge, and ±18% for the effluent load.  
3) The discharge and concentration of the whole forested area (622 ha) in the watershed were able to be
estimated from the partial forested catchment A (43 ha), using correlative relationships between mean specif-
ic discharge, or mean concentration of five forested catchment samples and the complemented discharge of
the forested catchment A (forested area extending method).  
4) Annual discharge calculated from the data complementing and forested area extending methods was
concluded to be an appropriate value, because evapo-transpiration obtained from a subtraction of the comple-
mented discharge from precipitation coincided with that estimated from the automatically measured dis-
charge.
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